A strong increase of the mean transverse momentum (p,) with the number of charged particles nch is observed in e+e -annihilations into hadrons at LEP energies. The effect resembles correlations observed in hadron-hadron interactions. In e+e -annihilations the (Pt) and no, correlations can be accounted for by gluon radiation.
Introduction
Experiments at proton-(anti )proton colliders [ 1 ] have shown that starting from roughly the highest ISR energy, ,,/~= 60 GeV, the mean transverse momentum (Pt) increases with the number of charged particles rich produced in the collision and the effect becomes more pronounced as the collision energy increases. Several explanations of this observation have been proposed in different pictures of hadronic collisions [ 2 ] . The phenomenon, however, is not fully understood and the subject requires further study. In particular, a comparison of data coming from different types of collisions should provide additional tests of the models.
Recently it was pointed out that in certain models the observation of the multiplicity dependence of (p,) in hadronic collisions leads to a very natural expectation of a similar phenomenon in e+e -annihilations at high energies [ 3 ] . The good understanding ofhadronic production in e+e-annihilations in terms of "QCD inspired" Monte Carlo models [4, 5] allows detailed tests of the origin of the phenomenon.
In this paper we present the first experimental results for the dependence of (Pt) on charged particle multiplicity in high energy e+e -annihilations using the DELPHI detector and compare them with the JETSET 7.2 Lund Monte Carlo model. The data selection and the data correction procedures are described in sections 2 and 3, respectively. The results for (Pt) and nch correlations are presented in section 4. The summary and conclusions are given in section 5.
Data selection
The data were recorded with the DELPHI detector at the CERN e+e -collider LEP in 1990. The detector, the trigger conditions and the readout system are described in detail in ref. [6 ] . Here we summarize only the specific properties relevant to the following analysis.
The tracks of charged particles were measured in the Time Projection Chamber (TPC) and the Inner and Outer Detectors. Up to 16 space points in the TPC were used for track reconstruction by the DEL-PHI analysis package, DELANA [7] . The average momentum resolution was found to be ~p/p2= _+ 0.0012 (GeV/c) -~. Points on neighbouring tracks could be distinguished if they were separated by at least 15 mm in z, the coordinate along the beam axis, and in r¢~, the azimuthal coordinate. No significant differences in track-finding efficiency were observed between the data and the Monte Carlo simulation.
The tracks of charged particles were retained if (a) they extrapolated back to within 5 cm of the beam axis in r and to within 10 cm of the nominal crossing point in z; (b) the particle momentum p was larger than 0.1 GeV/c; (c) their measured length was greater than 50 cm; (d) their polar angle was between 25 ° and 155 °. Hadronic events were then selected by requiring that (a) the total energy of charged particles Ech = E iEi in each of the two hemispheres defined with respect to the beam axis exceeded 3 GeV, where Ei were the particles' energies (assuming the pion mass); (b) the total energy of charged particles seen in both hemispheres together exceeded 15 GeV; (c) there were at least 5 charged particles with momenta above 0.2 GeV/c; (d) the polar angle, 0, of the sphericity axis was in the range 50 ° <0< 130 °.
The last cut ensured that the retained events were well contained inside the TPC. The resulting data sample comprised 80 521 events. After all four cuts, events due to beam-gas scattering and to 77 interactions were reduced to below 0.1% of the sample. The largest background was due to ~+z-events. From Monte Carlo simulation this was calculated to be 0.15% of the sample. Since this background influences mainly events with no, = 6 in our sample, in the following we will consider only events with nch> 6.
Data correction procedure
Monte Carlo simulations were used to correct the distributions for the geometrical acceptance and kinematical cuts, the detector resolution, acceptance inefficiencies, particle interactions in the material of the detector, other detector imperfections and the effects of radiated photons. The Lund parton-shower model (JETSET 7.2) was used to generate 74 485 Z ° events decaying to pairs of u, d, c, s and b quarks. A correction factor C(x) for each bin in each data plot was then obtained by comparing the bin occupancy at the beginning of the simulation (the "true" distribution) with the bin occupancy after reconstruction and selection (the "observed" distribution):
The "true" distributions were constructed from the final state particles of lifetime above 10 -9 s in events generated without initial state radiation that had not yet been tracked through the detector. The "observed" distributions were constructed from the final state particles observed after tracking events generated with initial state radiation through the DELPHI detector to produce simulated raw data which were then processed through the same reconstruction and analysis programs as the real data. The value of the correction factor C(x) lies between 0.8 and 1.1 for all the data points. This factor was used to correct the experimental data.
Results on multiplicity dependence of mean transverse momenta
The dependence on charged particle multiplicity of the mean transverse momenta will be studied both in the event plane -(Pt,in), and in the direction perpendicular to the event plane -(Pt,out). Both directions are defined in the standard way using the second rank tensor constructed from the final charged hadron momenta [ 8 ] . The sphericity axis is used as the longitudinal axis of the event.
The dependence of (Pt,in) and (Pt,ou,) on charged particle multiplicities in e+e -annihilations at x/s= 91 GeV is shown in figs. la and lb, respectively. A strong correlation of the mean transverse momenta with nch can be observed: (Pt,in) increases by about 50% from nch = 8 to rich = 30 and then flattens out at higher multiplicities. A similar behaviour is observed for (Pt,out) but the flattening at high multiplicities is here not visible. Although the absolute (Pt,out) values are smaller than (Pt,in), the relative increase is roughly the same. Both correlations are well reproduced by JETSET 7.2 Lund Parton Shower model [4 ] , although the data for (P~,i,) show slightly smaller dependence on nch than the model, This small discrepancy is consistent with our earlier observation that the increase in total (Pt,in) with energy is smaller in the data than in Monte Carlo models [ 8 ] .
In figs. 2a and 2b, respectively, the correlations of (Pt,in) and (Pt,out) with nch are shown for different rapidity intervals. The main contribution to the strong increase of (Pt,in) with rich comes from particles in the central rapidity region. For particles with [y[ > 2.0 the increase of (Pt,m) is less steep and for the still higher rapidity region [y [ > 3.0 there is almost no dependence on rich, except a slightly negative correlation for large multiplicities. Some flattening of the (P~,ou~) distributions for faster particles is also observed, but here the dependence of the effect on the rapidity interval is smaller. These trends are well described by the Lund Parton Shower model.
Two mechanisms in high energy e+e -annihilations could lead to a positive correlation of (Pt) with n~h: heavy quark production and gluon radiation. The comparison of the events generated by the Lund Monte Carlo for the sample with beauty quark pairs removed from the generation with the sample of all flavours events shows that the contribution from production of heavy quark pairs to the increase of (Pt,in) and (Pt,out) with multiplicity is negligible [3 ] .
The agreement of the Lund Parton Shower model with the data suggests that the main mechanism responsible for these correlations is gluon radiation. To test this assertion in our data, we use events with a specific number of jets, NJET=2, 3, 4, defined by the JADE cluster finding algorithm described in detail in ref. [ 9 ] . The scaled pair mass of particles i and j from two resolvable jets, Yo =M~/s was required to exceed a threshold value Ycux = 0.03. Particles with yv<ycm-are combined into a single cluster. The jet multiciplicity is the number of clusters determined by the jet finding algorithm. The correlations of mean transverse momenta with rich are shown in figs. 3a and 3b for the separate classes. The mean transverse momenta increase with the number of jets, but for a given number of jets there is only a relatively weak dependence of (P,,i,) and (Pt,om) on rich. This means that the observed correlation for the full sample arises mainly from the mixing of different classes of events. The energy dependence of the correlations of (Pt) with no, could then be understood in terms of the increased fraction of events with a larger number of jets at higher energies. The observed behaviour is well reproduced by the Lund Parton Shower model, where the events with 3 and 4 jets may be attributed to quark-antiquark production with additional gluon radiation.
An interesting pattern can be observed in figs. 3a and 3b. The direction of the hardest gluon radiation usually defines the event plane and therefore the most energetic gluon contributes mainly to (Pt,in), causing the large difference between the values of (Pt,in) for 2-jet and 3-jet samples.
The next, softer gluon is frequently radiated out of the event plane, and provides a smaller contribution
as is illustrated by the difference between the 3-and the 4-jet samples in fig. 3a . The opposite behaviour can be observed for (Pt.out). Here the main contribution arises from the second, softer gluon, causing the large difference between the values of (A.ou~) for 3-and 4-jet samples, while the smaller contribution from the more energetic gluon can be observed in the difference between the values of (Pt,out) for 2-and 3-jet events.
The choice of Ycux defines the resolution for the observation of jets. With larger Ycuv (worse resolution) softer jets will not be resolved and the event will be classified in a sample with a smaller number of jets. The number of events in the 2-jet sample will increase and these events will include more energetic gluon radiation. In the limit with a very large Ycvx all the events will be classified in the "2-jet" sample and the correlations for this sample will reproduce the correlations observed for the total sample. The correlations of mean Pt and nch for the samples with the specific number of jets should therefore depend on the jet definition and the choice of YCUT. TO study A somewhat different behaviour can be observed for the 3-jet samples shown in figs, 5a and 5b. With increasing YCUT some events are shifted from the 4-jet class to the 3-jet class, similarly as in the case of the 2-jet sample discussed above, but in addition some events are removed from the 3-jet class to the 2-jet class. These two effects are reflected in the more complicated dependence of the correlations in the 3-jet sample on YCVT. The correlations for (Pt,in) are slightly positive and similar for YCUT=0.01 and for Ycow = 0.03, but strongly negative for the larger value, YCUT = 0.10. The correlations for (P~,out) increase only slightly with increasing YcuT.
For all the samples the values of (Ptan) and (Pt,om) increase with increasing YCUT.
All the trends in the data for different YCUT samples are well described by the Lund Parton Shower model. There are, however, small but significant differences between the experimental results and the model predictions in almost all the samples.
Summary and conclusions
We have presented the first results showing large positive correlations of mean transverse momenta (Pt,in) and (Pt,out) and charged particle multiplicity in high energy e+e -annihilations. The effect is well described by the Lund Parton Shower model, where it arises from gluon radiation off highly virtual quarks. There are, however, small but significant differences between the experimental results and the model predictions. Some of the properties of the correlations, like the rapidity dependence or the flattening of (p,) at high multiplicities, are similar to those observed in high energy hadronic reactions [ 1 ] .
The correlations of (Pt) and n~h observed in our data for e+e -annihilations at high energy can provide an additional test of models for multiparticle production both in e+e -and in hadron-hadron collisions.
